
 

ALASKA DEPARTMENT OF ENVIRONMENTAL CONSERVATION  
AIR PERMITS PROGRAM 

 
 
 
 
 
 
 
 

TECHNICAL ANALYSIS REPORT 
For Air Quality Control Minor Permit No. AQ0831MSS0 1 

Project X-242 
 
 

North Slope Borough  
Barrow Thermal Oxidation System  

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Prepared by Zeena Siddeek  
Supervisor:  Bill Walker 
Final:  July 22, 2005



 
Table of Contents 

 
1.0 INTRODUCTION ....................................................................................................................1 

1.1 Stationary Source.............................................................................................................1 
1.2 The TOS Incinerator ........................................................................................................1 

2.0 STATIONARY SOURCE WIDE EMISSIONS....................................................................2 
3.0 PERMIT HISTORY .................................................................................................................3 
4.0 OWNER REQUESTED LIMITS ...........................................................................................4 

4.1 MSW limit to avoid HAP Major Threshold: ...................................................................4 
4.2 HMIW limit to avoid NSPS Subpart HHH Applicability................................................4 
4.3 Particulate Matter Emission Limits .................................................................................5 

5.0 EMISSION STANDARDS .....................................................................................................6 
5.1 Alaska Emission Standards..............................................................................................6 
5.2 Visible Emissions.............................................................................................................6 
5.3 Particulate Matter Standard..............................................................................................7 
5.4 Sulfur Compounds ...........................................................................................................8 
5.5 Prohibitions......................................................................................................................9 
5.6 Air Pollution Prohibited.................................................................................................10 

6.0 PERMIT ADMINISTRATION.........................................................................................11 
6.1 Permit Terms and Conditions ........................................................................................11 
6.2 Permitting Procedures....................................................................................................11 

Exhibit A:  Stationary Source Potential to Emit ............................................................................12 
Exhibit B:  PM and SO2 Concentrations........................................................................................13 
Exhibit C:   Technical Review Memorandum...............................................................................15 



North Slope Borough TOS 1 Final:  July 22, 2005 
Technical Analysis Report for Permit No. AQ0831MSS01   
 

 

1.0 INTRODUCTION 

This Technical Analysis Report (TAR) provides the Alaska Department of Environmental 
Conservation’s (the department’s) basis for issuing a minor source air quality control minor 
permit (AQ0831MSS01) to North Slope Borough (NSB) for the Barrow Thermal Oxidation 
System (TOS).   

The NSB submitted an application on November 10, 2004 to the department for a minor permit 
under 18 AAC 50.508(5) for owner requested limits (ORLs’) to avoid classification as HAP 
major stationary source and avoid the requirement for a Title V permit under the department’s 
new regulation effective October 01, 2004. Because the NSB operates an incinerator rated at 
more than 1000 pounds per hour, the department determined that the NSB requires a minor 
permit under 18 AAC 50.502 (b) to continue operating the incinerator. The department also 
determined that the NSB requires a minor permit under 18 AAC 50.508(5) to revise terms and 
conditions of a construction permit.  

This minor permit includes the requirements under 18 AAC 50.544(d) for a source not subject to 
Title V permitting and updates language currently in use for standard conditions and terms and 
conditions that are deemed necessary but are not included in the existing permit No. 9771-
AC012.   

1.1 Stationary Source 

The NSB owns and operates the Barrow TOS incineration facility in Barrow, Alaska.  Barrow, 
Alaska, the northernmost community in North America, is the population center of the NSB.  
The stationary source includes a thermal oxidation system incinerator with a design and 
permitted capacity of 30 tons municipal waste per day (2,500 pounds/hour), two natural gas fired 
boilers, an emergency generator, a heater and a fire suppression pump. 

The materials for incineration are:  (1) municipal solid waste (MSW) generated by the 
community of Barrow, and (2) hospital/medical/medical infectious waste (HMIW) generated 
from the North Slope Borough Health Clinic.  Natural gas fuel will be augmented with on-
specification used oil for the system’s Unit 1 primary auxiliary burners. 

1.2 The TOS Incinerator 
The TOS incinerator is designed with two primary chambers and a shared secondary chamber.  
The gas burners, built by North American Manufacturing Company, are fired with natural gas 
fuel.  Primary chamber No. 1 (North Unit) is also equipped with a 15.7 MMBtu/hr oil burner that 
has the ability to burn on-specification used oil as described in 40 CFR 279.11 (Used Oil 
Specifications).  Each primary chamber has two natural gas-fired burners, each with a heat input 
capacity of 0.395 MMBtu/hr (total of 0.791 MMBtu/hr).  The secondary chamber has four 
natural gas-fired burners, each with a heat input capacity of 0.234 MMBtu/hr (total of 0.936 
MMBtu/hr).  Only one on the primary chambers operates during any burn cycle.  At full fire 
using natural gas fuel, the TOS incinerator has a heat input capacity of 1.73 MMBtu/hr.  Each 
primary chamber has a maximum practical operating capacity of 80 cubic yards of waste. 
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The secondary chamber is a 68-foot horizontal refractory lined tunnel that incorporates a 
turbulent air mixing manifold and four natural gas burners to complete the combustion of the 
offgases from the primary chamber.  The secondary chamber exhausts into a vertical refractory 
lined stack.   

In normal operation, MSW is loaded as a batch into one of the primary chambers through two 
loading doors located on the top of a primary chamber.  Once the secondary chamber is 
preheated to 1650 ˚F with auxiliary fuel, the primary chambers can be ignited; this is the start of 
the combustion process.  A batch is typically processed with approximately an eight-hour 
gasification period followed by a five-hour burn down.  The burn-down cycle may last longer 
than five hours, depending upon the nature of the waste.  The cycle ends when combustion is 
complete, the unit is cooled, and ash is conveyed from the chamber.  The next cycle commences 
when the primary is loaded again.  There are no alternative modes of operation that change the 
air pollution control requirements applicable to the stationary source. 

Because of the low air addition rates in the primary chambers, and corresponding low flue gas 
velocities (and turbulence), the amount of solids entrained in the gases leaving the primary 
chamber is low.  Therefore, the Barrow TOS does not have any add-on particulate control 
equipment.  

The stationary source also contains two natural gas fired boilers, one natural gas-fired emergency 
backup generator, a diesel-fired oil burner/heater, and a diesel-fired fire suppression engine.   

2.0 STATIONARY SOURCE WIDE EMISSIONS 

Table 1 shows the emission unit inventory and description of the emission units.  The incinerator 
(Unit ID 1) is permitted to burn diesel fuel and used oil as auxiliary fuel, the heater/burner (Unit 
ID 4) is permitted to burn used oil, the suppression pump engine burns only diesel fuel while all 
other units are permitted to burn only natural gas.  

Table 1 – Emission Unit Inventory 

ID Unit Name Fuel Type Unit Description Rating/size Installation 
Date 

1 
Incinerator, Thermal 
Oxidation System 

Natural Gas* Entech MDL 100 
2,500 lb/hr (30 

ton/day)* 
1996 

2 Boiler No. 1 Natural Gas Burnham PF-521 4.3 MMBtu/hr 1994 
3 Boiler No. 2 Natural Gas Burnham PF-521 4.3 MMBtu/hr 1994 

4 Heater/Burner 
On Spec Used 

Oil 
Black Gold Stainless 2000 

Model 400 
0.34 MMBtu/hr 2002 

5 Emergency Generator Natural Gas 
Cummins/Onan CSG 

6491-6005-A 
60 hp 1994 

6 
Suppression Pump engine 

 
Diesel 

Clarke/Detroit 
Diesel/Allison 

60 hp 1998 

7 Hot Water Heater Natural Gas 
Power Flame Burner 

Model J1SA-10 
0.6 MMBtu/hr 1994 
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*The Permittee may use natural gas, No. 1, No. 2, or on-specification used oil fuel for the auxiliary burners in 
primary chamber 1; primary chamber 2 and the secondary combustion chamber of the incinerator use only natural 
gas fuel. 

Potential emissions calculated for each of the units are shown in Table 2.  For the incinerator 
(Unit ID 1), potential emissions calculations are based on maximum allowable fuel oil use in the 
oil burner and maximum allowable municipal solid waste (MSW). Emission factors for the 
incinerator are from source test results obtained from burning MSW and natural gas and AP-42 
emission factor when burning fuel oil. For the used oil heater (Unit ID 4) and emergency 
generator (Unit ID 5), potential emissions are based on emission factors from the vendor. 
Potential emissions for all other units are based on AP-42 emission factors.  Detailed emission 
calculations are shown in Exhibit A for criteria pollutants.  Detailed HAP emissions calculations 
can be found in the supplement to permit application of April 21, 2004 and in Section 4.0 of this 
Technical Analysis Report. 

Table 2: Stationary source emissions  

Potential Emission in tons per year 
ID Unit Name 

NOX SO2 PM-10 CO VOC HCl HAPs1 
1 Incinerator 17.0 16.5 14.2 1.2 0.2 9.0 10.3 
2 Boiler No. 1 1.9 0.0 0.1 1.6 0.1 0.0 0.071 
3 Boiler No. 2 1.9 0.0 0.1 1.6 0.1 0.0 0.071 
4 Oil burner 0.2 0.7 0.3 0.1 0.0 0.08 0.009 
5 Emergency generator 5.7 0.0 0.0 9.4 0.7 0.0 0.14 
6 Fire suppression pump engine 2.9 0.4 0.2 0.6 0.2 0.0 0.00 
7 Hot water heater 0.3 0.0 0.0 0.2 0.0 0.0 0.005 
 Total  30.0 17.6 14.9 14.6 1.4 9.1 10.6 

1 From Permit calculated HAP emissions from AP-42 emission factors Tables 1.4-2, 1.4-3, 1.4-4, 1.11-4, 2.1-9, 2.3-
2 through 2.3-10, 3.2-2, and 3.3-2 (permit application supplement April 21, 2005). 

3.0 PERMIT HISTORY 

The NSB Barrow Thermal Oxidation System is currently operating under Construction Permit 
No. 9771-AC012 issued on January 28, 1998 authorizing construction of this stationary source.  

On December 21, 2003, the NSB submitted an application for an Air Quality Control 
Construction and Operating Permit for the Barrow Thermal Oxidation System.  The Barrow 
Thermal Oxidation System stationary source required an operating permit under the 
department’s old regulations of 18 AAC 50.325(c) due to source classification as an ambient air 
quality facility under 18 AAC 50.300(b)(3) because it contains one or more incinerators with a 
total combined rated capacity of 1,000 pounds per hour or more, and under 18 AAC 50.325(b)(2) 
due to source classification as a Hazardous Air Contaminant Major (HAP) under 18 AAC 
50.300(f) due to hydrogen chloride (HCl). The department reviewed the permit application and 
published the intent to issue a combined Construction and Operating permit for the NSB on 
March 16, 2004. No final operating permit was issued for the NSB TOS due to the October 1, 
2004 rule changes. 
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On October 01, 2004, and prior to issuing a final operating permit for the NSB, the department’s 
new air quality regulations came in to effect. Under the new regulations, “ambient air quality 
sources” are not required to obtain an operating permit. The NSB would require an operating 
permit only as a HAP major stationary source because the unrestricted emissions from NSB TOS 
exceed the major source threshold of 10 tpy for a single pollutant.  The significant HAP pollutant 
is HCl from incineration of medical waste.  

For the NSB TOS, the unrestricted criteria pollutant emissions for each pollutant is less than 100 
tpy and aggregate HAP emissions is less than 25 tpy. By limiting the single aggregate HAP to 
less than 10 tpy, the NSB can avoid stationary source classification as HAP major and avoid the 
need to obtain an operating permit.   

On November 10, 2004, the NSB sent a letter to the department withdrawing the request for an 
operating permit and requested a minor permit under 18 AAC 50.508(5) of the department’s new 
regulations for owner requested limits to avoid classification as HAP major.  

4.0 OWNER REQUESTED LIMITS 

4.1 MSW limit to avoid HAP Major Threshold: 

The NSB has applied for owner requested limits to keep stationary source wide HCl emissions to 
less than 10 tpy to stay under the HAP major threshold. Unrestricted potential HCl emissions 
from MSW incineration at the maximum throughput rate of 30 ton/day (10,950 tpy using two 15-
ton burns per day) using AP-42, Table 2.1-9 for modular starved air combustors, emission factor 
of 2.15 lb/ton is as follows: 

(2.15 lb/ton)(10,950 tpy)(1 ton/2,000 lb) = 11.8 tpy 

Accounting for 0.08 tpy of HCl emissions from the Black Gold heater (Unit ID 4), the NSB 
requested an HCl emissions limit of 9.91 tpy from the incinerator so that the stationary source 
wide HCl emissions will be 9.99 tpy. Other emission units have negligible HCl emissions (see 
Table 2). Since neither calculations nor compliance methods are accurate to three significant 
digits, a lower limit than 9.99 tpy was deemed appropriate. With the NSB’s consent, the 
department imposed a limit of 9.0 tpy from the incinerator source. To comply with the 9.0 tpy 
HCl limit for the incinerator, the MSW throughput would be limited as follows:  

(9.0 tpy HCl)(2,000 lb/ton)(1 ton/2.15 lb/HCL) = 8,372 tpy   

Since all other emissions units except the incinerator, at the stationary source have negligible 
potential HCl emissions, the department will not impose limits for any other emission units. Only 
the incinerator is limited to burning less than 8,372 tpy of MSW to avoid the stationary source 
being classified as a HAP major source. 

4.2 HMIW limit to avoid NSPS Subpart HHH Applicability 

The addition of HMIW to the waste mix further limits the amount of MSW throughput because 
of the higher emission factor of 33.5 lb/ton (AP-42, Table 2.3-3 for uncontrolled air medical 
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waste incinerators) for HMIW incinerations. The NSB has also requested limits to burning 
HMIW to exempt the source subject to 40 CFR 62, Subpart HHH. 

To be exempted under 40 CFR 62, Subpart HHH the incinerator must fit the definition of a co-
fired combustor defined in 40 CFR 62.14490.  A co-fired combustor is a unit combusting 
hospital waste and/or medical/infectious waste with other fuels or wastes (e.g. coal, municipal 
solid waste) and subjected to an enforceable requirement limiting the unit to combusting a fuel 
feed stream, 10 percent or less of the weight comprised, in aggregate, of hospital waste and 
medical/infectious waste as measured on a calendar quarter basis.   

The aggregate emission factor for a mix of MSW with 10 percent HMIW is 5.285 lb/ton 
(33.5x0.1 + 2.15x0.9). Therefore the throughput limit with 10 percent HMIW is: 

(9.0 tpy HCl)(2,000 lb/ton)(1 ton/5.285 lb/HCl) = 3,405 tpy 

i.e. the upper limit of MSW is 3,065 tpy and the upper limit of HMIW is 341 tpy.  

Instead of limiting the throughputs to 3,065 tpy of MSW and 341 tpy HMIW, the NSB requested 
the flexibility to burn more MSW as the HMIW decrease.  Thus if no HMIW is incinerated, the 
NSB requested to allow up to 8,372 tpy MSW.  

The governing equation that satisfies the limits is as follows: 

tpy
tonlb

HMIWtonlbMSWtonlbi

i

ii
0.9

/000,2
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∑
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The department included a permit condition to limit burning MSW and HMIW according to the 
equation above and monitoring and recordkeeping requirements to comply with the limits.  

4.3 Particulate Matter Emission Limits 

In the NSB’s December 2003 construction/operating permit application, the NSB requested 
limits to avoid ambient analysis for PM-10 under 18 AAC 50.310(n) of the Department’s old 
regulation.  The incinerator is currently subject to limits of two 12-hour burn cycles per day for 
250 days per year (total of 6,000 hours) and one 12-hour burn cycle per day for 12 days per year 
(total of 144 hours operating hours) in permit No. 9771-AC012. The NSB has requested to 
replace the existing limit with equivalent limits to stay under the thresholds requiring ambient 
demonstration in the minor permit program.   

Potential emissions for the NSB TOS are less than the thresholds listed in 18 AAC 50.502(c)(1) 
for all pollutants except for PM-10 emissions.  To limit PM-10 emissions to less than 15 tpy, the 
NSB has requested a limit of 294,000 gallons (3,043 hrs/yr) of fuel oil burning in the incinerator. 
The 294,000 gallon limit is the worst case scenario for PM emissions when burning used oil, 
although the NSB is required to blend the used oil with distillate fuel to comply with state 
emission standards as described in this TAR.  

As shown in Exhibit A, PM emissions form burning 294,000 gallons of used oil is 9.72 tons. The 
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calculations are based on an emission factor of 66.1 lb /103 gallons for used oil (AP-42, Table 
1.11-1 and ash content of 1.16%). PM emissions for worst case scenario of burning 8,372 tons of 
MSW based on an emission factor of 1.06 lb/ton (from source tests when burning MSW with 
natural gas) 4.44 tons. PM emissions from all other emission units add up to 0.82 tons with a 
total amount of 14.98 tons from the stationary source.    

5.0 EMISSION STANDARDS 

For each stationary source or modification subject to minor permitting, an applicant must show 
that the emission units comply with state emission standards.  The Department has emission 
unit-specific emission standards listed in 18 AAC 50.050-090.   
 
In this section, the department re-visits each applicable emission standard and analyzes each 
proposed emission unit to determine whether the unit would comply with the applicable emission 
standards. The NSB is not proposing to install any new emission units.  The department carried 
forward the applicable limits and incorporated revisions to the monitoring requirements for the 
incinerator and included monitoring requirements not included in permit No. 9771-AC012 for 
the small emission units for continued compliance with the standards.  

5.1  Alaska Emission Standards 

The existing incinerator (Unit ID 1) and the fuel burning equipment (Unit IDs 2 through 7) at the 
stationary source are subject to specific visible emission, particulate matter, and sulfur compound 
emission standards as listed in 18 AAC 50.055.   

5.2 Visible Emissions 

Incinerator 

The incinerator (Unit ID 1) is subject to two visible emission standards.  The standard imposed 
by the federally adopted state implementation plan prohibits exhaust effluent from exceeding 20 
percent opacity, for more than three minutes during any one-hour period.  The standard for 
incinerators imposed by 18 AAC 50.050 prohibits exhaust effluent from exceeding 20 percent 
averaged over any consecutive six-minute period.  

Currently Unit ID 1 is required by permit No. 9771-AC012 to comply with the visible emission 
standard by using a Continuous Opacity Monitoring System (COMS).  NSB requested that the 
department remove the requirement for COMS.  The NSB asserted that COMS is unnecessary 
and Method 9 is sufficient to comply with the visible emission standards.  The NSB 
supplemented the permit application with 6-minute opacity measurements for two complete burn 
cycles of 7 days each. Opacity data showed that the mean opacity is 1.4 with a standard deviation 
of 2.06. With mean opacity measurements well below the limit, and with no single measurement 
in excess of the standard, the department agrees COMS can be replaced with less stringent 
monitoring.   

Further the TAR for permit No. 9771-AC012 states that the department carefully reviewed the 
visible emission evaluation data for the smaller, but similar, Entech Model 80 based in 
Anchorage Alaska.  John Pavitt of the EPA Alaska Operations Office conducted a visible 
emission evaluation on February 28, 1996.  Robert Weimer of the department conducted an 
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evaluation on April 30, 1993, June 29, 1994, and September 13, 1994.  All Entech Model 80 
visible emission evaluations on file showed opacity no greater than five percent. The department 
has determined that the NSB Entech Model 100 TOS incineration system should perform 
comparably with the smaller, but similar, incineration system in Anchorage. 

Based on the forgoing information, the department concurs with the NSB that periodic visual 
opacity monitoring once every month and PM source testing once every 24 months is adequate 
to comply with the visible emissions standard.   

Fuel Burning Equipment 

Unit IDs 2 through 7 are fuel burning equipment subject to two visible emission standards.  The 
standard imposed by the federally adopted state implementation plan prohibits exhaust effluent 
from exceeding 20 percent opacity, for more than three minutes during any one-hour period.  
The standard imposed by 18 AAC 50.055(a)(1) for fuel burning equipment prohibits exhaust 
effluent from exceeding 20 percent averaged over any consecutive six-minute period.  

Unit IDs 2, 3, 5 and 7 are natural gas fired boilers emergency generator and hot water heaters. 
Natural gas fired equipment if properly operated and maintained, historically have been found to 
meet the visible emission standards. Therefore, department did not impose any new monitoring 
and recordkeeping requirements for Units 2, 3, 5 and 7.  

Units 4 and 6 are liquid fired equipment with less certainty regarding compliance with visible 
emission standards.  Unit 4 is a 0.340 MMBtu/hr used oil fired heater and unit ID 6 is a 60 hp 
diesel fired suppression pump engine.  Unit 4 is an insignificant emission unit (IEU) based on its 
potential emissions under 18 AAC 50.326(e) while Unit ID 6 is an IEU based on its category 
under 18 AAC 50.326(f)(104).  Therefore, on the basis of IEU for visible emission observation 
that the department uses in the operating permits, unit IDs 4 and 6 are exempt from periodic 
monitoring and recordkeeping.  

5.3 Particulate Matter Standard 

Incinerator 

Currently, the incinerator Unit ID 1 is subject to particulate matter standard listed in 18 AAC 
50.050(b). The incinerator is rated at 2,500 lb/hr and subject to a particulate matter standard of 
0.08 gr./dscf of exhaust gas corrected to 12 percent CO2 and standard condition, averaged over 
three hours.  

The requirement to source test once every 24 months to demonstrate compliance with the PM 
standards is carried forward from permit No. 9771-AC012.  Since the NSB has requested the 
option to burn used oil in the incinerator, the department revised the requirement to source test 
when burning used oil if used oil will be burned within the next 24 months after the test date.  
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Fuel Burning Equipment 

Unit IDs 2 through 7 are subject to particulate matter standard of 0.05 grains per dry standard 
cubic foot of exhaust gas (gr./dscf), for fuel burning equipment under 18 AAC 50.055(b)(1).   

In this minor permit action, the department re-evaluated compliance for PM standards using 40 
CFR Method 19 for worst case scenario of zero percent excess oxygen for natural gas fired 
boilers emergency generator and hot water heaters Unit IDs 2, 3, 5 and 7.  

E = CFd(20.9/(20.9-O2)),  where 
 

E = Emission Factor, lb/MMBtu 
C = Particulate matter concentration, gr./dscf 
Fd = Factor specific to fuel type, dscf/MMBtu  
O2 = % oxygen in exhaust gas typical to equipment source 

For Unit ID 6, the fire suppression pump engine, using AP-42, PM emission factor of 0.31 
lb/MMBtu and 10% oxygen, the calculations resulted in a particulate matter concentration of 
0.124 gr/dscf that exceed the PM standard.  In view of the unit’s small size of 0.15 MMBtu/hr, it 
is not practical to conduct source testing to demonstrate compliance with the standards.  
Normally, the department would require a vendor guarantee that the unit complies with PM 
standards. However, since the unit has been in existence since 1998, the department did not 
impose the requirement anew.  

For the Black Gold Model 400 heater (Unit ID 4), the vendor EnergyLogic (formerly Black Gold 
Corporation) provided emission data for a smaller unit Model EL-200H with a heat input of 0.2 
MMBtu/hr. Model EL-340H which has a heat input of 0.34 MMBtu/hr is essentially the same as 
Unit ID 4.  The applicant used the emission data from the 0.2 MMBtu/hr unit to estimate 
emissions from Model EL-340H by scaling it up to the 0.34 MMBtu/hr. Based on these 
assumptions, the PM emission rate (burning used oil) was estimated to be 28.9 g/hr and the 
exhaust flow rate was estimated to be 8,358 dscf/hr.  

Calculations show that when burning 100% used oil in Unit ID 4 the particulate matter emissions 
is 0.0534 gr/dscf, which exceed the particulate matter standard. Calculations in Exhibit B, show 
that when used oil is blended in the ratio of 1 part used oil with 0.08 parts distillate oil, the unit 
complies with the particulate matter standard.  To account for the variability in ash content of 
used oil, the department included a conservative blending ratio of one part used oil to 0.1 part 
distillate oil.  

5.4 Sulfur Compounds 

Unit IDs 2 through 7 are subject to sulfur compound emission standard as set out in 
18 AAC 50.055(c).  Sulfur compound emissions from fuel-burning equipment, expressed as SO2, 
may not exceed 500 ppm averaged over a period of three hours. 
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For the diesel fired units, based on mass balance and ideal stoichiometric combustion conditions, 
the department has determined that fuel oil containing up 0.5%1 sulfur by weight will comply 
with the state sulfur compound emission standard with no excess oxygen. 

For gas fired units, based on mass balance and ideal stoichiometric combustion conditions, the 
department has determined that fuel gases sulfur content of 2.73 x 106 gr./MMscf (see 
calculations in Exhibit B) or 4,000 ppmv2 hydrogen sulfide will comply with the state sulfur 
compound emission standard with no excess oxygen.  Fuel gas testing at Barrow Utilities 
showed that pipeline gas hydrogen sulfide content is less than the detectable limit of 1 ppm 
(TAR for Barrow utilities permit No. 9873-AC015, September 7, 1999). With pipeline gas 
hydrogen sulfide of less than one percent of 4,000 ppmv and not projected to increase 
significantly during the life of this permit, the department did not impose a limit for the fuel gas 
S content.  

Currently the NSB is not subject to liquid fuel sulfur limits in permit No. 9771-AC012.  The 
stationary source wide potential SO2 emissions is 17.4 tpy (see Exhibit A) is well under the 40 tpy 
limit of 18 AAC 50.502(c)(1)(C) requiring a modeling analysis to demonstrate compliance with 
ambient air quality standards.  The 17.4 tpy SO2 emissions was based on natural gas fuel sulfur 
content of  2,000 gr/MMscf for gas fired units and a fuel oil sulfur content of 0.5% by weight for 
oil fired units.   

As long as the NSB complies with the fuel oil sulfur content of 0.5% by weight, the TOS will 
automatically comply with the sulfur dioxide emissions standards. To comply with the state 
emissions standards the liquid fuel burning units are required to comply with fuel oil sulfur 
content of 0.5% by weight. The NSB is required to record the fuel sulfur content once each year 
and report as excess emissions when the fuel oil sulfur content exceeds the 0.5%.  

5.5 Prohibitions  

The prohibition under 18 AAC 50.045 (d) applicable to the NSB is carried forward from Permit 
No. 9771-AC012.  

Under the requirement, the NSB is required to handle and transport incinerator ash wet or in 
sealed containers, and immediately clean up all ash spilled during ash handling and transfer and 
to prevent incinerator ash from becoming airborne during storage, transportation, and disposal, 
before final cover at the disposal site and keep records of complaints received.  

The department added new requirements to this condition to minimize the production of large 
volumes of dust during the wetting process and material to be transferred to open stockpile with 
minimum disturbance of the stockpile from loading.    

 

                                                 
1 See ADEC Air Permits Web Site at http://www.state.ak.us/dec/air/ap/docs/sulfliq.pdf  for SO2 calculations. 
2 See ADEC Air Permits Web Site at http://www.state.ak.us/dec/air/ap/docs/sulfgas.pdf  for SO2 calculations. 
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5.6 Air Pollution Prohibited  

Products of Incomplete Combustion  

The requirements under 18 AAC 50.110, was carried forward to the current minor permit with 
revisions described below.  

The presence of CO in the incinerator exhaust is an indication of incomplete combustion caused 
by insufficient oxygen, residence time, temperature, and turbulence in the combustion zone.  
Other products of incomplete combustion range from low molecular weight hydrocarbon 
(methane and ethane) to high molecular weight compounds (dioxins and furans).  In order to 
minimize products of incomplete combustion, permit No. 9771-AC012 limits the carbon 
monoxide (CO) emissions to 100 ppmv dry adjusted to 12% CO2, and requires the maintenance 
of the combustion-zone to an optimum temperature of 1600° F.  

Currently, the NSB is required to continuously monitor and demonstrate compliance with CO 
emissions using a CO continuous emission monitoring system (CEMS).  The NSB was also 
required to pre heat the secondary combustion chamber and maintain the temperature at above 
1600° F.  The NSB has requested that the department remove the requirement for CEMS on the 
basis that the 1600° F temperature in the secondary chamber is an adequate means to limit the 
CO emissions to under 100 ppmv.  

The NSB proposed an alternate to CEMS consisting of a temperature monitoring device at the 
exit of the primary combustion chambers and secondary combustion chamber and continuously 
monitor and record primary and secondary combustion chamber temperatures. The department 
has reviewed the NSB’s request and agreed to remove the condition requiring CEMS.  The 
department’s review memorandum with technical details to justifying the removal of CEMS and 
the alternative monitoring plan is in Exhibit C of this document.  As recommended in the review 
memorandum, the department has included conditions in the permit to: 

� follow manufacturer’s recommendations for opening the offgas damper for the primary 
chamber to avoid drawing of cool air into the secondary chamber and lowering the 
temperature below 1,600° F, and  

� pre-heat the secondary combustion chamber temperature to a minimum of 1650° F for 
complete combustion.  

Additionally, the department has imposed an additional requirement, in this minor permit action, 
to maintain the oxygen content in the secondary chamber to greater than or equal to 1.5%.  The 
requirement is to ensure complete combustion in the incinerator.  O2 content in the secondary 
chamber is an indicator of complete destruction of air toxics such as dioxins and furans. 

Hazardous Waste 

The thermal oxidation system is not designed and permitted as a hazardous waste incinerator.  
Therefore, to prevent possible violations of 18 AAC 50.110, the NSB is prohibited from burning 
hazardous waste as defined in 40 C.F.R. 261 in this minor permit action.  
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Hazardous Air Pollutants 

Currently, the NSB is prohibited from burning off-specification used oil in the incinerators but 
may burn on specification used oil as defined in 40 CFR Part 261 Appendix VIII.   

Permit No. 9771-AC012 consist of used oil testing according to SW-846 test methods for 
arsenic, lead, cadmium, chromium, total halogens, flash point, and polychlorinated biphenyls 
(PCBs), prior to blending with the virgin fuel oil and notification to EPA about the used oil 
management activities. Since federal requirements for used oil burning is beyond the scope of 
the minor permitting program, the department deleted the monitoring and recordkeeping 
requirements for used oil but carried forward the used oil specification to comply with 40 CFR 
261. Although not mandated by this minor permit, it is the responsibility of the permittee to 
comply with applicable federal standards when burning used oil.  

6.0 PERMIT ADMINISTRATION 

This section contains a summary of the rationale for permit conditions and summarizes 
construction permitting procedures. 

6.1 Permit Terms and Conditions 

The stationary source does not have an operating permit.  Therefore, this minor permit contains 
terms and conditions under which the NSB is authorized to operate the stationary source.  
Section 11 presents conditions which govern the effect of this permit.   

6.2 Permitting Procedures 

The department’s Title V Office has oversight for all reports, surveillance, records, and 
inspections of permitted facilities. Therefore, all plans, reports, except excess emission reports, 
and notices required under this permit should be submitted to the Group’s Fairbanks Office, as 
provided for in the “General Recordkeeping, Reporting, and Compliance Certification 
Requirements,” of the permit.  

The terms and conditions of this permit do not preclude any action by the state or EPA, or a 
Federal Land Manager to mitigate any material violation of the permit, or the mitigation of any 
secondary effect of the emissions from the stationary source.
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 Exhibit A:  Stationary Source Potential to Emit 
NOX SO2

d PM-10 CO VOC  HCl Unit 
ID Description Rating Fuel Type Limit Fuel Use Emission 

Factor tpy Emission  
Factor tpy Emission 

Factor tpy Emission 
Factor tpy Emission 

Factor tpy Emission 
Factor 

tpy 

Natural gas 5,717 hr/yr 1,730 scf/hr 2.85 lb/hr  1.23 lb/hr  0.901 lb/hr  0.007 lb/hr      
Fuel oil  20 lb/103 gal 2.94 71.0 lb/103 gal 10.44 3.3 lb/103 gal  5 lb/103 gal 0.74 0.2 lb/103 gal    

1.73 
MMBtu/hr 

Used oil 
294,000  
gal/yr 

96.6 gal/hr 
16 lb/103 gal  53.5 lb/103 gal  66.1c lb/103 gal 9.72 2.1 lb/103 gal  1.0 lb/103 gal 0.15   

MSW 8,372  tons 8,372 tpy 3.36 lb/tona 14.06 1.45 lb/tona 6.07 1.06 lb/tona 4.44 0.008 lb/tona    2.15 lb/ton 9.00 
1 

TOS 
Incinerator 

30  
ton/day HMIW 341 tons 341 tpy 3.56 lb/ton  2.17 lb/ton  3.04 lb/ton  2.95 lb/ton 0.50 0.299 lb/ton 0.05 33.5 lb/ton  

2 Boiler 
4.31 
MMBtu/hr 

Natural gas 8760 4,321 scf/hr 100 lb/MMscf 1.89 2,000 gr/MMscf 0.01 7.6 lb/MMscf 0.14 84 lb/MMscf 1.59 5.5 lb/MMscf 0.10 
  

3 Boiler 
4.31 
MMBtu/hr 

Natural gas 8760 4,321 scf/hr 100 lb/MMscf 1.89 2,000 gr/MMscf 0.01 7.6 lb/MMscf 0.14 84 lb/MMscf 1.59 5.5 lb/MMscf 0.10 
  

4 Oil Burner 
0.34 
MMBtu/hr 

Used oil 8760 2.25 gal/hr 31.4 lb/103galb 0.30 69.6 lb/103 gal 0.72 28.9 g/hrb 0.28 1.6 lb/103 gal 0.02 1 lb/103 gal 0.01 8.5 g/hrb 0.08 

5 
Emergency 
Generator 

0.61 
MMBtu/hr 

Natural gas 8760 612 scf/hr 594 g/hrb 5.73 2,000 gr/MMscf 1.5E-2 0.01 lb/MMBtu 0.03 970 g/hrb 9.37 71.9 g/hrb 0.69 
  

6 
Fire 
Suppression 
Pump Engine 

0.15 
MMBtu/hr 

Fuel oil 8760 1.1 gal/hr 
4.41 
lb/MMBtu 

2.9 71 lb/103 gal 0.35 
0.31  
lb/MMBtu 

0.21 
0.95 
lb/MMBtu 

0.63 
0.63 
lb/MMBtu 

0.24 
  

7 
Hot water 
Heater 

0.6 
MMBtu/hr 

Natural gas 8760 600 scf/hr 100 lb/MMscf 0.3 2,000 gr/MMscf 0.002 7.6 lb/MMscf 0.02 84 lb/MMscf 0.2 5.5 lb/MMscf 0.01 
  

Total  30.01  17.60  14.98  14.64  1.35  9.08 

 
a Source tests 
b vendor data 
All other emission factors are from AP-42. 
c AP-42 Table 1.11-1 using ash content of 1.16 
d assumes fuel gas S content of 2,000 gr/MMscf and fuel oil sulfur content of 0.5% by weight 
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Exhibit B:  PM and SO2 Concentrations  
 

Particulate Matter Standard of 0.05 gr/dscf. 

Unit ID 4: 0.275 MMBtu/hr, used oil heater/burner. 

Emission factor for distillate fuel oil  = 1.08 lb/103 gal (AP-42, Table 1.3-7) 

     = (1.08 lb/103 gal)·(2.25 gal/hr) 

= 0.00243 lb/hr 

Emission factor for used oil  = 28.9 g/hr 

     = (28.9 g/hr)·(1 lb/453.6 g) 

     = 0.064 lb/hr 

From Energy Logic (formerly Black Gold Corporation) the flow rate of a 200,000 Btu/hr heater 
was found to be 5,000 dscf/hr at 77°F. Scaling this flow rate to a unit of 340,000 Btu/hr that is 
essentially the same as the Black Gold heater model 400 and correcting to standard conditions of 
68 °F results in: 

Flow rate = 
hr

dscf

RF

RF

hrBtu

hrBtu

hr

ft 358,8

)46077(

)46068(

000,2

400,3000,5 3

=
°+°
°+°⋅⋅  

Combusting 100 percent used oil in the heater will have a particulate matter emission rate that 
exceeds the state emission standards for particulate matter. 

PM emissions = 
dscf

gr

dscf

hr

lb

gr

g

lb

hr

g 0534.0

358,8

000,7

6.453

19.28 =⋅⋅⋅  

If used oil is blended with distillate oil in the ratio of x parts distillate oil to 1 part used oil, then  

PM emission rate = 
hr

lb

x

x

)1(

)064.000243.0(

+
+

 

To comply with particulate matter standards 

dscf

hr

lb

gr

hr

lb

x

x

dscf

gr

358,8

7000

)1(

)064.000243.0(05.0 ⋅⋅
+

+=  

Solving for x results in x = 0.075 

i.e. Used oil can be blended in the ratio of 1 part used oil to 0.08 parts distillate fuel oil to comply 
with the state particulate matter standard of 0.05 gr./dscf. 
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Sulfur Dioxide Standard 

Gas fired units 

From 40 CFR 60, Method 19 

F factor for gas = 8,710 scf stack gas/106 Btu fuel 

1 ppm SO2= 1.667 x 10-7 lb/SO2/scf 

 

Converting 500 ppmv SO2 in flare gas to grains S (as H2S) in flare gas 

gasstackscf

SOscf
SOppmv

6
2

2 10

500
500 =  

 

fuelscf

Btu
x

fuelBtu

gasstackscf
x

gasstackscf

SOscf 000,1

10

710,8

10

500
66

2=  

fuelscf

SOstackscfx 2
310355.4

=  

                 
Slb

Sgr
x

Smole

Slb
x

SOmole

Smole
x

fuelscf

SOmole
x

fuelscf

SOscfx

1

.7000

1

34

1

1

379

110355.4

2

22
3−

=  

fuelscf

Sgr.73.2=  

fuelMMscf

Sgrx .1073.2 6

=
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Exhibit C:   Technical Review Memorandum 

MEMORANDUM State of Alaska 
 Department of Environmental Conservation 
 Division of Air Quality 
 

 TO: Kathy Stringham DATE: September 29, 2004 
   

    FILE NO.: 831TVP01  
 THRU: Cynthia Espinoza   
  Air Permits Supervisor  
  Air Permits Program PHONE: 465-5100  
   FAX: 465-5129 

FROM: Bob Morgan, QEP.  

  Environmental Specialist III SUBJECT: North Slope Borough  
   Air Permits Program  Thermal Oxidation System  

Technical Review of 
Request to Repeal CEMS 
Requirements 

 
INTRODUCTION 
 
The Department of Environmental Conservation is currently finalizing the operating permit for 
the North Slope Borough (NSB), Barrow Thermal Oxidation System, Permit No. 831TVP01.  
One of the permit conditions carried over from Construction Permit No. 9771-AC012 required 
the installation and operation of a continuous emission monitoring system (CEMS) to monitor 
and record carbon monoxide (CO) and carbon dioxide (CO2) exhaust gas concentrations.  This is 
to continuously demonstrate compliance with the permit CO emission limit of 100 ppmv 
adjusted to 12 percent CO2.  The NSB installed the CEMS unit but asserts that the monitoring 
condition as it stands is excessive and burdensome.  The NSB has appealed to the Department to 
remove the CEMS requirement and proposed an alternative monitoring method.  The NSB 
contracted with the Steiger’s Corporation and Alaska Source Testing to provide consulting and 
testing services.  Steiger’s has provided consulting services in regards to the air quality 
permitting and Alaska Source Testing conducted an engineering study to evaluate CO emissions 
relative to varied process parameters.  This memorandum is to provide a technical summary of 
the information provided and offer conclusions and recommendations. 

 
BACKGROUND 
 
Stationary Source Description 
The Barrow Thermal Oxidation System is an Entech Model 100 incineration system with three 
main process components, 1) two identical primary chambers, 2) a shared secondary thermal 
oxidation chamber and 3) an exhaust stack.  The design capacity is 30 tons per day.   

Only one primary chamber is used at a time.  Each primary chamber is equipped with top 
mounted burners to dry and ignite the refuse.  The primary burners are typically fired with 
natural gas; however, one of the primary chambers may be fired with on specification used oil.  
Some combustion air is supplied through the burner but most of the combustion air provided 
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through a manual controlled fresh air valve (FAV).  Firebox temperatures are monitored with a 
network of nine thermocouples.  Airflow and combustion chamber pressure is controlled by a 
primary damper control.  At the beginning of the burn cycle the primary chamber is operated 
under a starved-air environment.  The oxygen (O2) level is monitored in the effluent gases from 
the primary chamber. 

The secondary chamber is a horizontal refractory-lined tunnel that incorporates a turbulent air 
mixing manifold and four natural gas burners to complete oxidation of partial combustion gases 
from the primary chamber.  Oxygen required for combustion in addition to that present with 
combustion gases from the primary chamber is supplied from a turbulent air valve (TAV).  
Firing is controlled by a temperature control loop with a set point of 1650º F.  Oxygen is 
monitored at the exit of the secondary chamber to verify sufficient excess air. 

The refractory-lined stack conveys the exhaust gases from the secondary chamber to the 
atmosphere.  The stack is equipped with a continuous opacity monitoring system (COMS) and 
the sample systems for the CO/CO2 CEMS. 

Engineering Study 
The purpose of the engineering study was to establish a correlation between the process 
parameters of the secondary chamber, temperature and O2 content, to the CO and visible 
emissions.  The first step in the study was to augment the CEMS system with a data acquisition 
system (DAS) to record outputs from secondary chamber temperature sensors, the primary and 
secondary chamber O2 analyzers and add two more temperature sensor outputs from the two 
primary chambers.  This was in addition to the CEMS which already recorded CO, CO2 and % 
opacity.  The DAS is coupled with a personal computer equipped with TREND-LINK software 
to download, store and graphically display the data. 
 
The testing consisted of 6 different process scenarios. 
 
Test 1:  This test varied the O2 in the secondary chamber by adjusting the opening of TAV.  The 
% O2 varied from 1.4 to 8.8 % and the corrected CO varied from -0.25 to 1.01 ppmv. 
 
Test 2:  This test was conducted during the second phase of the burn cycle when the primary 
chamber was producing much less volatile gas.  O2 was controlled by closing the TAV and 
manipulating the FAV and primary damper.  The damper was only opened to a point as not to 
exceed the 20% opacity limit.  The corrected CO only varied from 0.39 to 1.59 ppmv and the 
secondary O2 varied from 4.7 to 7.8%. 
 
Test 3:  This test was conducted at the end of the primary chamber burn cycle.  Two controls 
were manipulated during the test, the damper control and the secondary temperature set point.  
The set point temperature was decreased from 1650ºF to 1500ºF.  The secondary chamber O2 
varied from 8.2 to 10.3% and the CO varied from -0.23 to 2.71 ppmv. 
 
Test 4:  This test manipulated the oxygen by varying the TAV and lowering the secondary 
chamber temperature as much as possible (i.e. to 1550ºF).  The corrected CO varied from -1.4 to 
4.0 ppmv and the O2 varied from 6.5 to 1.6%. 
 
Test 5:  This test was conducted while volatile gases were still being produced from the primary 
chamber and O2 from the secondary chamber was reduced by closing the TAV in a stepwise 
manner.  The O2 was reduced from 4.6 to 1.6% while the CO varied from -0.11 to 1.2 ppmv. 
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Test 6 :  This test was conducted at the end of the burn cycle.  The FAV was opened to 100% and 
the TAV was completely closed.  The O2 was varied by adjusting the damper opening.  The O2 
varied from 9.3 to 11.0% and the CO varied from -0.75 to 0.25 ppmv. 
 
RESULTS AND DISCUSSION 
 
Review of the engineering study conducted by Alaska Source Testing (AST) supports the appeal 
made by the Steiger’s Corporation for the alternative monitoring method. 
 
AST varied a number of process parameters to adjust the secondary chamber O2 content from 1.2 
to 11.0% and the temperature from 1650º F down to 1500º F, subsequently the corrected CO 
varied from -0.75 to 4.0 ppmv.  This is not surprising.  According to the Condensed Chemical 
Dictionary, the autoignition temperature of CO is 1128ºF.  In a combustion environment such as 
the secondary chamber at a set point temperature of 1650º F in the presence of any excess air, 
CO will immediately oxidize to CO2.  Most of the actual values recorded during the testing were 
less than 1 ppmv and yet the daily calibrations showed that the CEMS instrumentation was 
meeting specifications for 40 CFR 60 Appendix B, PS 3.  This is not to say process conditions 
don’t occasionally occur which result in zero O2 and production of CO.  One upset occurred 
during the engineering study which showed such conditions to be transient and immediate 
recovery upon restoration of excess air.  The operator inadvertently left the FAV 100% open at 
the start of the burn cycle and the volatile gases overwhelmed the combustion capacity of the 
secondary chamber and the O2 dropped to 0.2%.  The CO spiked to 392 ppmv.  The FAV was 
immediately adjusted and the process recovered immediately.  The CO was back down to 9 
ppmv within 30 seconds.  The whole event lasted only 2-3 minutes.  As indicated, I would not 
anticipate such an occurrence to result in an exceedance of the 1-hour 100 ppmv limit as long as 
the occurrence was dealt with immediately by an operator. 
 
The issue of the mathematical correction of the CO concentration value creating false 
exceedances is also a valid concern.  I am not aware of the reasoning for applying a dilution 
correction to continuous monitoring data for a source with a batch type burn cycle such as this 
incinerator.  However, this permit requirement was not an appropriate choice.  The CO 
correction factor is shown below. 
 

( )( )ObservedCOrvedCOppmvobseectedCOppmvcorr %2
%12=  

 
The equation is appropriate during the main burn cycle.  However, during pre-heat and cool-
down phases when the CO2 is the exhaust gases are very low the resulting corrections are 
extreme.  I talked to Peter Westlin of EPA Emissions Measurement Center in RTP, North 
Carolina, Mr. Westlin said that the dilution correction was used for the incinerator NSPS 
particulate matter standard for performance testing.  Performance testing is conducted under 
steady state conditions.  He agreed that applying the dilution factor to a continuous monitoring 
application for a non-steady state operation such as a batch incinerator would not be appropriate. 
 
The main concern for a solid waste incinerator is to ensure complete combustion.  This is 
especially true in regard to air toxics such as chlorinated dibenzodioxins (CDD) and chlorinated 
dibenzofurans (CDF). 
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Literature states that CDD/CDF compounds generally form through downstream formation at 
temperatures ranging from 392º to 932º F with a maximum production at 572º F.  CDD begin to 
decompose at about 930º and at about 1470º F virtually complete degradation of 2,3,7,8-TCDD 
occurs within 21 seconds.  The degradation temperature for 2,3,7,8-TCDD (the most toxic 
isomer of CDD) is 1470º F.  The autoignition temperature for CO is 1128ºF.  Therefore, using 
CO as a surrogate to demonstrate complete destruction of CDD/CDF is tenuous.  The best 
indicators of complete destruction of CDD/CDF are temperature, O2 content, turbulent mixing 
and residence time in the chamber.  The temperature is controlled by thermocouple with a permit 
temperature limit of no less than 1650ºF.  With four burners arranged in the secondary chamber, 
turbulent flow and mixing downstream of the burners wound be expected.  The technical 
description in the permit statement of basis stated that the secondary chamber to be a horizontal 
68-foot refractory lined tunnel.  Using average exhaust gas velocity data from the August 2003 
source test report, an approximate residence time was calculated at 2.9 seconds.  The O2 is 
monitored at the exit of the secondary chamber. 
 
CONCLUSIONS 
 

1. The engineering study demonstrated that under a variety of operating conditions CO is 
generally not a significant emission in the incinerator exhaust gases.  This is supported by 
the temperature and excess air environment of the secondary chamber, given an 
autoignition temperature of CO is 1128º F. 

2. Applying a CO2 correction factor to continuous monitoring data from a batch type 
incinerator is not appropriate for the pre-heat and cool-down phases of the burn cycle. 

3. Using CO data as a surrogate to demonstrate complete destruction of CDD and CDF is 
uncertain. 

 
RECOMMENDATIONS 
 

Approve the request to remove the CO/CO2 CEMS and implement the alternative monitoring 
method subject to the following conditions: 
• The permit will establish a process limit for secondary chamber O2 content of greater or 

equal to 1.5%. 
• Monitor and record the output signals from the secondary chamber O2 analyzer and the 

temperature sensor using the DAS as setup during the engineering study.  Modify the 
DAS to include audible alarms to notify operators when process parameters for secondary 
chamber O2 drops below 1.5% and secondary chamber temperature exceeds manufacturer 
recommended specifications or drops below the  established permit limits. 

• Report under Condition 57 whenever, the secondary chamber O2 content drops to less 
than or equal to 1.5% for more than 5 consecutive minutes. 

• Develop and submit a written quality assurance/quality control manual for alternative 
monitoring method operations with standard operating procedures which include; 
� daily zero/span calibration procedures and quarterly cylinder gas audits for the O2 

CEMS 
� manufacturer’s recommended maintenance procedures and schedules for both the  O2 

and temperature monitoring systems; and, 
� electronic calibration, data management and archival procedures for the DAS. 

• Develop and submit a written training program for all on-site staff in the essential 
operational and regulatory requirements of operating the incinerator. 
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